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(54) CELL CYCLE-REGULATING PROTEINS 

(57) A DNA containing a base sequence encoding 
the amino acid sequence represented by SEQ ID NO:2 
in the Sequence Listing, a base sequence encoding a 
protein having an amino acid sequence derived from 
the above amino acid sequence of SEQ ID NO:2 by 
substitution, deletion or addition of a part thereof and 
having the activity of regulating cell cycle, or a base 
sequence hybridizable therewith; a recombinant vector 
containing this DNA; a transformant constructed by 
using this vector; a process for producing AIM-1 with the 
use of the above DNA; a recombinant AIM-1 protein 
obtained by this process; an oligonucleotide or a pep- 
tide nucleic acid hybridizable specifically with a base 
sequence encoding the AIM-1 protein; an antibody rec- 
ognizing AIM-1 ; remedies for diseases in association 
with abnormal proliferation of cells which contain AIM-1 
protein inhibitors; and a method for screening sub- 
stances having a serine-threeonine kinase inhibitory 
activity with the use of the AIM-1 gene or the AIM-1 pro- 
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Description 

FIELD OF THE INVENTION 

5 [0001] The present invention relates to a gene encoding a novel cell cycle control protein AIM-1 (aurora and IPL-1 
like midbody-associated protein kinase), recombinant vectors containing said gene, cells transformed with said vectors, 
processes for producing AIM-1 using said gene and recombinant AIM-1 proteins obtained by said processes. The 
present invention also relates to oligonucleotide or peptide nucleic acids capable of specifically hybridizing to a nucle- 
otide sequence encoding AIM-1 protein, antibodies recognizing AIM-1 , therapeutic agents for diseases associated with 

w abnormal cell growth comprising an inhibitor against AIM-1 protein, and screening methods for materials having serine- 
threonine inhibitory activity using AIM-1 gene or AIM-1 protein. 

PRIOR ART 

w [0002] Mitosis is a fundamental mode of nuclear division of eukaryotic cells and a highly coordinated process by 
which eukaryotic cells assure the fidelity of chromosome segregation. The number of chromosomes is often a multiple 
of the basic number unique to the species, but errors during mitosis result in an individual having one to several chro- 
mosomes added to or deleted from the multiple (aneuploid), which may cause cell death or oncogenesis. 
[0003] Aurora (Glover et al., Cell 81:95-105, 1995) in Drosophia (Drosophia melanogaster) and its most closely 

20 related IPL-1 (Francisco et al., Mol. Cell. Biol. 14:4731-40, 1994) in budding yeast (Saccharomyces cerevisiae) are mol- 
ecules participating in M phase of mitosis and are thought to be required for high-fidelity chromosome segregation. 
[0004] However, no molecules corresponding to aurora or IPL-1 have been so far reported in mammals. If a gene 
encoding a molecule controlling the cell cycle in mammals were available and its functions explained, it would be very 
interesting for pharmaceutical applications such as anticancer agents. 

25 [0005] An object of the present invention is to search for a molecule controlling the cell cycle in mammals to deter- 
mine the nucleotide sequence of a gene encoding the same, produce such a molecule by gene recombinant techniques 
using a recombinant vector containing said sequence, and show a potential for development of novel medicaments by 
constructing a screening system or the like using the same. 

30 SUMMARY OF THE INVENTION 

[0006] The inventors succeeded in isolating a gene encoding a novel cell cycle control protein kinase AIM-1 (aurora 
and IPL-1 like midbody-associated protein kinase) by screening a cDNA library of rats using a conserved sequence in 
serine-threonine kinase domain (FEBS LETT. 320:246-250, 1993) as a probe, and in explaining its functions. 
35 [0007] Accordingly, the present invention provides a DNA containing a nucleotide sequence encoding the amino 
acid sequence shown as SEQ ID NO: 2 in Sequence Listing, or a nucleotide sequence encoding a protein having the 
amino acid sequence shown as SEQ ID NO: 2 in Sequence Listing with partial substitution, deletion or addition and 
having cell cycle control activity, or a nucleotide sequence hybridizing to them. 

[0008] The present invention also provides a recombinant vector containing a gene encoding AIM-1 protein. 
40 [0009] The present invention also provides a prokaryotic or eukaryotic host cell transformed with a recombinant 
vector containing a gene encoding AIM-1 protein. 

[0010] The present invention also provides a process for producing AIM-1 protein, comprising culturing a cell trans- 
formed with a recombinant vector containing a gene encoding AIM-1 protein, and isolating and purifying the target pro- 
tein produced. 

45 [0011] The present invention also provides a recombinant AIM-1 protein produced by said process. 

[0012] The present invention also provides an oligonucleotide or peptide nucleic acid capable of specifically hybrid- 
izing to a gene encoding AIM-1 protein. 

[001 3] The present invention also provides an antibody recognizing a peptide having at least five continuous amino 
acids in the amino acid sequence shown as SEQ ID NO: 2 in Sequence Listing. 
so [0014] The present invention also provides a therapeutic agent for diseases associated with abnormal cell growth 
comprising an inhibitor against AIM-1 protein. 

[0015] The present invention also provides a screening method for materials having serine-threonine inhibitory 
activity using AIM-1 gene or AIM-1 protein. 

[001 6] We also tested how AIM-1 is expressed during each stage of cell division and examined the role of AIM-1 in 
55 the cell cycle. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
[0017] 

5 Figure 1 . Comparison of the amino acid sequence of AIM-1 with the amino acid sequences of aurora gene derived 
from Drosophia and IPL-1 gene derived from yeast. 

Figure 2. a) Northern blot analysis (electrophoretogram) obtained by hybridizing poly (A) + RNA isolated from vari- 
ous rat tissues to a 32 P-labeled AIM-1 cDNA fragment, b) Relationship between the expression pattern of AIM-1 
mRNA and the cell cycle (electrophoretogram). c) Analysis of change of AIM-1 protein level in NRK-49F cells at 
10 various instants of the cell cycle using an antibody against a peptide consisting of C-terminal 13 amino acids of 
AIM-1 sequence (electrophoretogram). 

Figure 3. Staining of NRK-49F cells with anti-AIM-1 polyclonal antibody prepared in Example 5 (left column), anti- 
a-tubulin monoclonal antibody (middle column), or a dye Hoechst 33258 for DNA staining (right column) (photo- 
graphs showing organic morphology), (a) Interphase, (b) Prophase, (c) Metaphse. (d) Late anaphase, (e) Telo- 
15 phase, (f) Cytokinesis, (g) Mink lung epithelial (MvlLu) cells carrying pUHD10-3/FLAG-AIM-1 (WT) prepared in 
Example 7 were grown in a doxycycline-free medium for 24 hours and then similarly stained with anti-FLAG mon- 
oclonal antibody M2 (KODAK) (left column), anti-a-tubulin monoclonal antibody (middle column), or Hoechst 33258 
(right column). 

Figure 4. A) Wild-type FLAG-AIM-1 (WT) or inactivated FLAG-AIM-1 (K-R) was induced in MvlLu cells and the 
20 cells were cultured for 18 hours after removal of doxycycline (DOX) and harvested. Cell lysates were immunoblot- 
ted with anti-FLAG monoclonal antibody (electrophoretograph). B) Asynchronous cells transfected with vector 
alone (a, d), FLAG-AIM-1 (WT) (b, e) or FLAG-AIM-1 (K-R) (c, f) were grown with (a-c) or without (d-f) DOX for 72 
hours and stained with Giemsa's solution (photograph showing organic morphology). In Fig. 4B, upper panels are 
denoted as a, b and c from left to right, and lower panels are called as d, e and f from left to right. C) Cell samples 
25 were harvested and fixed with ethanol, stained with propidium iodide for FACS analysis. 

Figure 5. D) Double staining with a-tubulin (green) and DNA (red) (propidium iodide) obtained by superimposing 
the images of Mv1 Lu cells expressing FLAG-AIM-1 (K-R) shown in Fig. 4B (photographs showing organic morphol- 
ogy). After removal of doxycycline, abnormal cells having two (a), four (b), eight (c) or ten or more nuclei appeared. 
E) MvlLu cells transfected with FLAG-AIM-1 (WT) or FLAG-AIM-1 (K-R) were grown with or without DOX for 2 
30 weeks and stained with Giemsa's solution (photographs showing organic morphology). 

DETAILED DESCRIPTION OF THE INVENTION 

[0018] In the present invention, a cDNA encoding AIM-1 was obtained as follows. 
35 [0019] A rat cDNA library was used as a template for PCR with oligonucleotide primer 1 sense to the conserved 
sequence MHRDVKP (SEQ ID NO: 3) in serine-threonine kinase domain and oligonucleotide primer 2 antisense to 
DFGVSGQ (SEQ ID NO: 4) as primers. A cDNA fragment was obtained by separation of the PCR products by agarose 
gel electrophoresis and identified. 

[0020] A rat NRK-49F fibroblast cDNA library was screened by polymerase chain reaction (PCR) to isolate VI-VII 
40 subdomain of serin-threonine type protein kinase. Three full-length clones were identified by screening 1 x 10 6 clones 
of the same library with said cDNA fragment (SEQ ID NO: 1) as a probe. The sequence of the cDNA of AIM-1 is shown 
as SEQ ID NO: 2 together with a putative amino acid sequence thereof. 

[0021] The amino acid sequence of AIM-1 consists of 344 amino acids and has a molecular weight of 39.2 kD. Its 
N-terminal 80 amino acid residues form a protein kinase catalytic domain of the serine-threonine type with homology to 
45 aurora of Drosophia and IPL-1 of yeast (Hanks et al., Science 241 :42-52, 1988). Fig. 1 shows a comparison of the cat- 
alytic domain of AIM-1 gene with those of aurora and IPL-1 genes. The catalytic domain of AIM-1 shows identity at 60% 
and 46% with aurora and IPL-1 , respectively, but their N-terminal amino acid sequences are not similar. 
[0022] Human AIM-1 cDNA can be obtained by screening a cDNA library prepared from human tissues thought to 
be rich in AIM-1 (for example, highly proliferative tissues such as testis, lung and spleen) using the rat AIM-1 cDNA frag- 
so ment of the present invention as a probe. In the present invention, a human cDNA was isolated by screening human 
intestine- and heart-derived cDNA libraries by this procedure. Human AIM-1 protein encoded by the human cDNA had 
identity of 81% of amino acids with rat AIM-1 . Moreover, human AIM-I protein showed cell cycle control activity similar 
to that of rat AIM-1 as described in Example 10, suggesting that it might be a homologue of rat AIM-1 . 
[0023] A gene encoding AIM-1 protein of the present invention thus obtained can be used to produce large 
55 amounts of AIM-1 protein by gene recombinant techniques for pharmaceutical applications. 

[0024] Namely, prokaryotic or eukaryotic host cells can be transformed by integrating a gene encoding AIM- 
1 protein of the present invention into appropriate vectors. 

[0025] Moreover, the gene can be expressed in various host cells by introducing an appropriate promoter or a 
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sequence participating in gene expression into these vectors. Furthermore, a target protein can be excised by express- 
ing a fusion protein of a gene of interest coupled to a gene encoding another polypeptide for easy purification or 
increased expression or applying an appropriate treatment during a purification step. 

[0026] As known in human interferon genes, eukaryotic genes are generally thought to show polymorphism, 
5 whereby one or more amino acids may be changed or the nucleotide sequence may be changed with no change in 
amino acids. 

[0027] Even a polypeptide having the amino acid sequence shown as SEQ ID NO: 2 in Sequence Listing with one 
or more amino acids deleted or added or substituted may have cell cycle control activity. For example, it has been 
already known that a polypeptide obtained by changing the nucleotide sequence corresponding to cystein of human 
w interleukin 2 (IL-2) gene into a nucleotide sequence corresponding to serine retains IL-2 activity (Wang et al., Science 
224:1431, 1984). Techniques for generating these variants of the gene encoding AIM-1 protein are known to those 
skilled in the art. 

[0028] Sugar chains often added by expression in eukaryotic cells can be controlled by changing one or more 
amino acids. This may also have cell cycle control activity. Therefore, any gene encoding a polypeptide obtained by 
w using an artificial variant of the gene encoding AIM-1 protein of the present invention is included in the present inven- 
tion, so far as it has cell cycle control activity. 

[0029] Genes hybridizing to the gene shown as SEQ ID NO: 2 are also included in the present invention so far as 
the resulting polypeptides have cell cycle control activity. Hybridization conditions may be conventional probe hybridi- 
zation conditions (for example, Molecular Cloning: A Laboratory Manual, Sambrook et al., Cold Spring Harbor Labora- 

20 tory Press, 1989). A standard method involves, for example, hybridization in 6 X SCC, 0.05 X BLOTTO (Bovine Lacto 
Transfer Technique Optimizer) solution at 68°, preferably in Express Hyb™ Hybridization Solution (Clontech) solution at 
60-68° for 18 hours, or in Rapid-hyb Buffer (Amersham) solution at 60-88°C for 18 hours, as described in literature 
(Molecular Cloning: A Laboratory Manual, Sambrook et al., Cold Spring Harbor Laboratory Press, 1989). Genes recog- 
nized by a probe complementary to DNA of Claim 1 and encoding a protein having biological functions of AIM-1 protein 

25 are also included in the present invention. Many techniques for isolating a cDNA clone having homology to the nucle- 
otide sequence shown as SEQ ID NO: 2 using said probe with modifications of the salt concentration and/or hybridiza- 
tion temperature, for example, have already been established. Genes isolated by these techniques and encoding a 
protein having biological functions of AIM-1 protein are also included in the present invention (Molecular Cloning: A Lab- 
oratory Manual, Sambrook etal., Cold Spring Harbor Laboratory Press, 1989). 

30 [0030] Expression vectors may include an origin of replication, a selectable marker, a promoter, an RNA splicing 
site, a polyadenylation signal, etc. 

[0031] Among hosts used as expression systems, prokaryotic host cells include, for example, E. coli, B. subtilis, etc. 
Among eukaryotic host cells, eukaryotic microorganisms include, for example, yeast and Myxomycota. Insect cells such 
as Sf9 may also suitable as host cells. Animal cell-derived host cells include, for example, COS cells and CHO cells. 

35 [0032] A protein produced by culturing a cell transformed with a gene encoding AIM-1 protein as described above 
can be intercellularly or extracellularly isolated and purified. The present invention includes not only proteins obtained 
from a gene containing a nucleotide sequence encoding the amino acid sequence shown as SEQ ID NO: 2 in 
Sequence Listing, but also proteins obtained from a gene containing a nucleotide sequence encoding the amino acid 
sequence of SEQ ID NO: 2 with partial substitution, deletion or addition, or a nucleotide sequence hybridizing to them, 

40 so far as they retain biological functions of AIM-1 protein, i.e. cell cycle control activity. 

[0033] AIM-1 proteins can be isolated and purified by isolation and purification techniques used for common pro- 
teins. For example, various chromatography techniques, ultrafiltration, salting out, dialysis or the like can be appropri- 
ately selected and used in combination. 

[0034] According to the present invention, antisense D N A can be prepared on the basis of the nucleotide sequence 
45 of a gene encoding AIM-1 protein. Antisense DNA has a complementary nucleotide sequence to mRNA and forms a 
base pair with mRNA to block the current of genetic information and to inhibit synthesis of the end product AIM-1 pro- 
tein. Antisense DNA which can be used in the present invention is an oligonucleotide capable of specifically hybridizing 
to a nucleotide sequence encoding the amino acid sequence shown as SEQ ID NO: 2 in Sequence Listing. 
[0035] The term "oligonucleotide" here means an oligonucleotide produced from a naturally occurring base or 
so sugar moieties linked by inherent phosphodiester bond or an analog thereof. Thus, the first group included in this term 
consists of naturally occurring species or synthetic species produced from naturally occurring subunits or homologues 
thereof. The subunit means a combination of base-sugar linked to an adjacent subunit via phosphodiester bond or other 
bonds. The second group of oligonucleotides consists of analogs thereof, which mean residues having similar functions 
to oligonucleotides but having non-naturally occurring moieties. These include oligonucleotides chemically modified at 
55 their phosphate group, sugar moiety or 3', 5' ends to increase stability. Examples are oligophosphorothioates and oli- 
gomethylphosphonates in which one of oxygen atoms of the phosphodiester group between nucleotides is replaced by 
a sulfur or -CH 3 , respectively. Phosphodiester bond may be replaced by other non-ionic and non-chiral structures. Oli- 
gonucleotide analogs may also include species containing a modified base form, i.e. purine and pyrimidine other than 
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normally found in nature. 

[0036] Oligonucleotides according to the present invention have preferably 5 to 40, more preferably 8 to 30, even 
more preferably 12 to 30 subunits. 

[0037] In the present invention, the target site of mRNA to which an oligonucleotide hybridize is preferably a tran- 
5 scription initiation site, translation initiation site, intron/exon junction site or 5' capping site and should be selected to 
avoid steric hindrance in view of the secondary structure of mRNA. 

[0038] In the present invention, peptide nucleic acids (for example, see Bioconjugate Chem. Vol. 5, No. 1, 1994) 
may also be used instead of oligonucleotides. 

[0039] An especially preferred embodiment of the present invention is an oligonucleotide or peptide nucleic acid 
10 capable of hybridizing to a nucleotide sequence encoding the amino acid sequence shown as SEQ ID NO: 2 in 
Sequence Listing and inhibiting the expression of AIM-1 protein. 

[0040] Oligonucleotides according to the present invention can be prepared by synthesis processes known in the 
art, such as a solid phase synthesis process using a synthesizer available from, for example, Applied Biosystems. Other 
oligonucleotide analogs such as phosphorothioates or alkylated derivatives can be prepared by similar processes 
15 (Akira Murakami et al., "Chemical Synthesis of Functional Antisense DNA", in Organic Synthetic Chemistry, 48 (3): 180- 
193, 1990). 

[0041] Production of AIM-1 protein in animals can be inhibited by administering an oligonucleotide or peptide 
nucleic acid capable of specifically hybridizing to a gene encoding AIM-1 of the present invention to the animals. Growth 
of cancer cells can be inhibited or stopped by administering an oligonucleotide or peptide nucleic acid of the present 
20 invention to the cancer cells, because AIM-1 has necessary functions for progress of M phase of cell division as 
described in detail below. Oligonucleotides of the present invention can be expected to provide a therapy effective not 
only for cancer but other proliferative diseases also. 

[0042] An antibody recognizing a peptide having at least five continuous amino acids in the amino acid sequence 
shown as SEQ ID NO: 2 in Sequence Listing of the present invention can be prepared by immunizing an animal with 

25 the peptide having at least five continuous amino acids in the amino acid sequence shown as SEQ ID NO: 2 in 
Sequence Listing as an antigen and collecting and purifying an antibody produced in vivo, according to a conventional 
procedure (for example, see New Biochemical Experiment Textbook, Vol. 1, Proteins I, pp. 389-397, 1992). Antibodies 
include polyclonal and monoclonal antibodies, and techniques for preparing them are also known to those skilled in the 
art. Thus obtained anti-AIM-l antibodies can be used in various immunological assays such as enzyme immunoassay 

30 such as ELISA, radioimmunoassay, immunofluorescence assay, or purification via a column of AIM-1 protein. 

[0043] According to the present invention, growth of cancer cells or diseases associated with abnormal cell growth 
such as psoriasis can be inhibited or stopped by administering an inhibitor against AIM-1 (for example, an antagonist 
or antibody such as AIM-1 (K-R) or protein kinase activity inhibitor, or an antisense strand) to the cancer cells. 
[0044] Moreover, gene therapy for inhibiting or stopping growth of cancer cells can be expected by site-specifically 

35 administering a gene encoding AIM-1 (K-R) protein produced by the present invention to the cancer cells to express it 
at the site of the cancer cells. 

[0045] According to the present invention, a screening method for materials having serine-threonine kinase inhibi- 
tory activity can be performed using AIM-1 gene or AIM-1 protein. For example, a substrate (for example, myosin light 
chain, histone protein, synthetic substrate), AIM-1 protein and an inhibitor candidate or a solvent are incubated in a 
40 reaction solution containing [y- 32 P]ATP at 30°C for several minutes, for example, then the reaction is quenched by 
immersing Wattmann 3MM filter paper impregnated with a part of the reaction solution in ice-cooled 10% TCA- 1% 
sodium pyrophosphate. The filter paper is washed and dried, and then placed in a toluene scintillator to measure 32 P 
taken up into the protein by a liquid scintillation counter and evaluate inhibitory activity from loss of the measured 32 P 
value relative to the solvent control group. 

45 

Functions of AIM-1 protein 

[0046] AIM-1 gene expression was tested by northern blot analysis (Fig. 2a). Poly(A) + RNA isolated from various 
rat tissues were hybridized with a 32 P-labeled AIM-1 cDNA fragment. A band of AIM-1 of about 2.0 kb was detected in 

so all the tissues tested, particularly abundantly in testis, spleen and lung. 

[0047] Since aurora and IPL-1 are known to participate in the progress of M phase of mitosis (chromosome segre- 
gation), we investigated whether AIM-1 expression pattern shows cell cycle-dependent oscillation. As a result, mRNA 
of AIM-1 was induced at late-S and peaked at G2-M transition (Fig. 2b). When M phase was arrested by colcemid treat- 
ment, a marked accumulation of AIM-1 mRNA was induced (data not shown). These results suggest that AIM-1 func- 

55 tions during M phase. 

[0048] To study functions of AIM-1 protein, an antibody against a synthetic peptide of C-terminal 1 3 amino acids of 
AIM 1 sequence was prepared. Using this antibody, change of AIM-1 protein level in NRK-49F cells at various instants 
of the cell cycle was analyzed (Fig. 2c). The results showed that AIM-1 protein detected as a band of about 40 Kd began 
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to accumulate at S/G2 boundary, reached the maximum level at M phase and dramatically decreased at the next G1 
phase. Similar results were obtained in cells synchronized by double thymidine block and release. These data are con- 
sistent with the northern blot data. Namely, these data show that AIM-1 protein is most prominently expressed in M 
phase of cell division. Since the C-terminus of AIM-1 contains a consensus sequence for putative destruction box rec- 
5 ognized by proteasome (Fig. 1), AIM-1 might undergo ubiquitin proteasome-dependent proteolysis like other G2-M 
phase-regulating proteins such as cyclin B (Glotzer et al., Nature 349:132-138, 1991) and cut 2 (Funabiki et al., Nature 
381:438-441, 1996). 

[0049] To examine how AIM-1 protein participates in the mitotic machinery during the cell cycle, asynchronously 
growing NRK-49F cells were immunocytochemically studied with an antibody against AIM-1 . In metaphase, no signals 
w of AIM-1 protein were detected (Fig. 3a-c). In late anaphase, however, AIM-1 began to be detectable as a distinct band 
extending across the midzone of central spindle (Fig. 3d). In telophase and as cytokinesis progresses, AIM-1 protein 
increasingly concentrates at the midbody (Fig. 3e, f). 

[0050] Similar results were observed when FLAG-AIM-1 fusion protein fused to FLAG peptide was induced under 
the control of a tetracycline inducible system (Gossen and Bujard, Proc. Natl. Acad. Sci. USA 89:5547-51, 1992) in 
w mink lung epithelial (Mv1 Lu) cells (Fig. 3g). Immunodetection of the induced FLAG-AIM-1 with anti-FLAG antibody also 
demonstrated FLAG-AIM-1 localized at the midbody. This indicates that this anti-AIM-1 antibody specifically recognizes 
AIM-1 protein and that AIM-1 localizes at the midbody. 

[0051] Since y-tubulin has been so far identified in the midbody microtuble organizing centers (Shu et al., J.C.S. 
108:2955-62, 1995), we determined subcellular localization of y-tubulin in MvlLu Cells expressing FLAG-AIM-1. As 
20 shown in Fig. 3d, FLAG-AIM-1 protein and y-tubulin colocalized at the midbody. These data suggest that the appear- 
ance of AIM-1 protein in mitotic cells coincides with the kinetics of protein expression shown by western blot, and that 
AIM-1 might regulate the cytokinetic process from anaphase to telophase. 

[0052] To further investigate this possibility, we prepared inactivated FLAG-AIM-1 (K-R) in which the lysine residue 
at the 1 09-position of AIM-1 was replaced by arginine by point mutagenesis to block endogenous protein kinase activity. 

25 We also used a system inducible with tetracycline in Mv1 Lu cells. 

[0053] MvlLu cells carrying vector alone, wild-type FLAG-AIM-1 (WT) or FLAG-AIM-1 (K-R) were grown in the 
presence or absence of doxycycline (tetracycline analog) for 24 hours and then subjected to western blot with anti- 
FLAG antibody (Fig. 4A). When FLAG-AIM-1 (K-R) was induced for 72 hours, about 68% of cells failed to complete nor- 
mal cytokinesis and had two or more nuclei (Fig. 4Bf, Table 1). In addition, the size of these cells was much larger than 

30 normal cells (Figs. 4Bf and 5D). In these abnormal cells, however, spindle functions including chromosome disjunction 
and late anaphase spindle elongation as well as nuclear division appeared unaffected (data not shown). This was fur- 
ther confirmed by flow cytometry (FACS) (Fig. 4C). Cell population with 4N or 8N DNA dramatically increased after 72 
hour-induction of AIM-1 (K-R), suggesting the appearance of bi-nucleated or tetra-nucleated cells. Namely, apocytes 
appeared because karyokinesis advances but cytokinesis is inhibited. 

35 [0054] In contrast, cells expressing wile-type FLAG-AIM-1 (WT) or cells transfected with vector alone showed a nor- 
mal cell cycle pattern (Fig. 4C). 

[0055] To confirm the generality of this observation, AIM-1 (WT) and AIM-1 (K-R) plasmids were transiently 
expressed in NRK-49F cells and human diploid fibroblast KD cells and the results were compared with those obtained 
in a control transfected with vector alone. These constructs were transfected into cells with a reporter construct RSV-p- 

40 galactosidase to prepare p-galactosidase-expressing plasmids for use as a positive internal control for transfection 
(Table 1). Transfection of vector alone did not affect normal progress of the cell cycle, but transfection of the AIM-1 (K- 
R) construct increased cells having two or more nuclei (NRK-49F cells: 62%; KD cells: 38%). 
[0056] The nuclei of these AIM-1 (K-R)-expressing cells divided 3 to 4 times during 4 to 5 days, resulting in more 
than 10 nuclei per cell (Fig. 5D). However, these multinucleated cells did not divide further and failed to adhere to the 

45 plate. When cells were grown for 2 weeks in the presence or absence of doxycycline to determine the effects of AIM-1 
(K-R) on growth potency, miotic inhibition was observed in Mv1 Lu cells expressing AIM-1 (K-R) but not in cells express- 
ing AIM-1 (WT) (Fig. 5E). 

[0057] These data strongly suggested that overexpression of function-deficient AIM-1 inhibited cytokinesis during 
mitotic division to result in the appearance of apocytes, i.e. AIM-1 is required for cytokinesis. 

so [0058] However, these data concerning AIM-1 are in contrast to the aurora gene mutations, which show abnormal 
mitotic spindles due to the failure of centrosomes to separate and form bipolar spindles. This suggests that AIM-1 gene 
is rather a functionally related molecule than a complete functional homologue of aurora gene. Spindle functions such 
as centrosome separation and cytokinesis are reported to be regulated by kinesin-like proteins (KLP) (Goldstein, 
Trends Cell Biol. 1:93-98, 1991; Moore & Endow, BioEssays 18:207-219, 1996). A report shows that, in Drosophia, 

55 KLP-61 F is required for centrosomal duplication whereas KLP-3A is a component of the midbody and required for cen- 
tral spindle structure and cytokinesis (Williams et al., J. Cell Biol. 129:709-723, 1995). The phenotypes in both KLP-61 F 
and aurora mutants show strikingly similar abnormalities of the centrosomes (Heck et al., J. Cell Biol. 123:665-679, 
1993), thus suggesting that they participate in a common process. Aurora kinase seems to participate in the function of 
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KLP-61F to regulate the kinesin motor activity. In contrast, the phenotype of KLP3A mutations resembles that of AIM-1 
loss-of function mutants. Therefore, AIM-1 might be implicated in the regulation of KLP-3A in cytokinesis. 
[0059] Mutations in Drosophia melanogaster polo cause abnormal mitotic and meiotic divisions due to abnormal 
spindle formation (Fenton et al., Nature 363:637-640, 1993). This seems to lead to poliploidy. Polo-related mammalian 
M phase-specific protein P1k localizes at the midbody during telophase and cytokinesis (Clay et al., Proc. Natl. Acad. 
Sci. USA 90:4882-4886, 1993; Lee et al., Mol. Cell. Biol. 15:7143-7151, 1995; Golsteyn et al., J. Cell Biol. 129:1617- 
1628, 1995). These features shown by polo and PLK are similar to those of AIM-1, though they are not structurally 
homologous to AIM-1. 

[0060] AIM-1 was observed to colocalize with y-tubulin at the midbody during telophase and cytokinesis. Recently, 
the depletion of y-tubulin using antisense RNA methods has been reported to cause a failure in morphogenesis of mid- 
body structure and abortive cytokinesis (Shu et al., J.C.S. 108:2955-62, 1995). These data provide some links between 
AIM-1 and y-tubulin. Thus, y-tubulin may be involved in biogenesis of midbody structure in completion of cytokinesis in 
cooperation with AIM-1. 

[0061 ] The following examples further illustrate the present invention without, however, limiting the same thereto. 
EXAMPLES 

[0062] In the following examples, cell extracts were prepared as follows. 

[0063] Cells were extracted with RIPA buffer (10 mM Tris-HCI (pH 7.5), 1% NP-40, 150 mM NaCI, 1 mM EDTA, 1 
mM PMSF, 4 mg/ml leupeptin), followed by centrifugation at 100,000 x g for 1 hour. The obtained pellets were sus- 
pended in SDS-PAGE sample buffer, boiled and then sonicated. The supernatant obtained after centrifugation at 
10,000 rpm was treated with SpinBind (FMC) to remove contaminating DNA fragments. 

Example 1 : Identification of a cDNA fragment encoding a part of AIM-1 gene 

[0064] Oligonucleotide primer 1 sense to a conserved sequence MHRDVKP (SEQ ID NO: 3) in serine-threonine 
kinase domain and oligonucleotide primer 2 antisense to DFGVSGQ (SEQ ID NO: 4) were prepared. The sequences 
of primers 1 and 2 are as follows. 

Primer 1 : 5'-ATGCA(T/C)(C/A)G(T/C/A/G)GA(T/C)GT(T/C/A/G)AA(A/G)CC-3' (SEQ ID NO: 5) 

Primer 2: 5'-TG(T/C/A/G)CC(T/C/A/G)GA(T/C/A/G)AC(T/C/A/G)CC(A/G)AA(A/G) TC-3' (SEQ ID NO: 6). 

[0065] A rat cDNA library (FEBS LETT. 320:246-250, 1993) was used as a template for amplification by 40 cycles 
of PCR with vent DNA polymerase using said primers 1 and 2 as primers under conditions of 94° for 1 minute, 55°C for 
1 minute and 72°C for 2 minutes. The PCR products were separated by agarose gel electrophoresis to give a fragment. 
[0066] The cDNA fragment was sequenced to give the sequence shown as SEQ ID NO: 1 

(attcacagagacataaagcccgagaacctgctgttaggtctacagggagagctgaagat 
tgcggactttggctggtctgtgcat) . 



Example 2: Library screening 

(1) Preparation of a rat NRK-49F cDNA library 

[0067] NRK-49F RNA in logarithmic growth phase was extracted by guanidine method and mRNA was purified on 
an oligo-dT cellulose column. Oligo-dT/Not1 was used as a primer to synthesize cDNA with a reverse transferase. After 
an EcoRI adapter was ligated, the cDNA was inserted into an expression vector pcTerralll (FEBS LETT. 320:246-250, 
1993). 

(2) Screening 

[0068] The sequence of the cDNA fragment obtained in Example 1 (SEQ ID NO: 1) was used as a probe for gene 
screening. The probe was labeled with 32 -P and hybridized with the NRK-49F cDNA library coupled to filters to isolate 
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positive clones under the following conditions. Hybridization solution: 6 xSSPE, 0.5% SDS, 10 xDenhardt solution, 100 
u/ml denatured herring sperm DNA. The filters were washed with 2 x SSC, 0.1% SDS for 15 minutes and 0.2 x SSC, 
0.1% SDS for 15 minutes. 

[0069] Thus, three full-length cDNA clones were isolated and sequenced. The cDNA sequence of AIM-1 is shown 
5 as SEQ ID NO: 2 together with a putative amino acid sequence therefrom. 

[0070] Fig. 1 shows a comparison of the amino acid sequence of AIM-1 with the amino acid sequences of aurora 

gene derived from Drosophia and IPL-1 gene derived yeast. In the figure, amino acid numbers are shown on the left. 

Roman numbers above the amino acid sequences show the kinase subdomains described by Hanks et al. (Science 

241 :42-51 , 1 988). Identical amino acid residues conserved among two or more sequences are in black. The underlined 
w amino acid sequence in AIM-1 subdomains Vib to VII shows the sequence first identified by PCR. The amino acid 

sequence marked with asterisks was used to prepare the antipeptide antibody N12 described in the examples below. 

The underlined short stretch of the C-terminal AIM-1 amino acid sequence is a putative descruction box site. 

Example 3: Expression of AIM-1 gene in rat tissues 

15 

[0071 ] Membrane filters containing mRNA (2 ng) prepared from various rat tissues were subjected to northern blot 
analysis with the 32 P-labeled AIM-1 cDNA fragment described in Example 2 as a probe. 

[0072] Results are shown in Fig. 2a. A band of AIM-1 of about 2.0 kb was detected in all the tissues tested, partic- 
ularly abundantly in testis, spleen and lung. 

20 

Example 4: Relationship between AIM-1 mRNA and the cell cycle 

[0073] Confluent rat NRK-49F cells were placed in serum-free medium for 2 days, then inoculated into serum-con- 
taining DMEM medium at a ratio of 1 :3 to synchronously progress the cell cycle. At various instants of the cell cycle 
25 (after 0, 4, 8, 12, 16, 20 and 24 hours), 2 ^g of poly(A) + RNA was added. G3PDH gene probe (Nippon Gene) was used 
as a control. Results are shown in the upper panel in Fig. 2b. 

[0074] FACS analysis with Cycle Test (Becton Dickinson) and FACScan (Becton Dickinson) were used to calculate 
the percentage of the number of cells at each cell cycle stage to the total number of cells, and results are shown below 
the panel in Fig. 2b. 

30 [0075] As shown in the figure, AIM-1 mRNA was induced at late-S and peaked at G2-M transition. 
Example 5: Preparation of an antibody against AIM-1 

[0076] For the preparation of a polyclonal antibody against AIM-1 , a peptide of the region marked with asterisks in 
35 the amino acid sequence of AIM-1 shown in Fig. 1 (V to C-terminal L) was synthesized, coupled to KLH (keyhole limpet 
hemocyanin) and injected into rabbits. 

[0077] Serum was obtained from the rabbits and purified on peptide-immobilized FMP activated cellulose column 
(Seikagaku) to give a polyclonal antibody. 

40 Example 6: Relationship between AIM-1 protein expression and the cell cycle 

[0078] In the same manner as described in Example 4 above, the cell cycle was synchronously progressed. At var- 
ious instants of the cell cycle (after 0, 4, 8, 12, 16, 20 and 24 hours), insoluble protein fractions corresponding to 2 x 10 5 
cells were removed and subjected to western blot analysis using the anti-AIM-1 antibody (N12) prepared in Example 5 
45 as a probe. An in vitro transcription/translation product of AIM-1 (Promega) was used as a control. 

[0079] Results are shown in Fig. 2c, in which AIM-1 protein detected as a band of about 40 Kd began to accumulate 
at S/G2 boundary, reached the maximum level at M phase and dramatically decreased at the next G1 phase. 
[0080] Similar results were obtained in cellular proteins prepared by synchronizing the cell cycle by double thymi- 
dine block and release. 

50 

Example 7: Construction of expression plasmids 

(1) Preparation of FLAG-AIM-1 (WT) 

55 [0081] The full-length coding sequence of AIM-1 cDNA obtained in Example 2 was subcloned into plasmid 
pUHD10-3 (obtained from Hermann Bujard, Zentrum fur Moleculare Biologie der Universitat Heidelberg, Im Neuenhe- 
imer Feld 282, W-6900, Heidelberg, Federal Republic of Germany) or pEF/hygl containing EF1 a promoter (Mizushima 
et al., Nucleic Acids Res. 18:5322, 5326, 1990) to prepare FLAG-AIM-1 (WT) labeled with FLAG protein at the N-termi- 
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nus. 

(2) Preparation of FLAG-AIM-1 (K-R) 

5 [0082] FLAG-AIM-1 (K-R) was prepared by two-step PCR using the following primers. 

Primer 3 : 5'-AGA GAA TTC ATG GAC TAC AAG GAC GAT GAC GAC AAG ATG GCT CAG AAA GAG AAC-3' (SEQ 
ID NO: 7) 

Primer 4: 5'-CTT GAA GAG GAT CCT TAG CGC CAC GAT-3' (SEQ ID NO: 8) 
w Primer 5: 5'-ATC GTG GCG CTA AGG ATC CTC TTC AAG -3' (SEQ ID NO: 9) 

Primer 6: 5'-GA CTC AGA CTA AAG GGC AGA GGG AGG CAG ACG GCG CGC-3' (SEQ ID NO: 10) 

First PCR 

is [0083] 

(A) AIM-1 gene was used as a template for amplification with a combination of primer 3 and primer 4 to give a frag- 
ment of 330 bp, which was then purified by agarose gel electrophoresis. 

(B) Separately, AIM-1 gene was used as a template for amplification with a combination of primer 5 and primer 6 
20 to give a fragment of 700 bp, which was then purified by agarose gel electrophoresis. 

Second PCR 

[0084] Equal amounts of the above fragments (A) and (B) were mixed and subjected to PCR with a combination of 
25 primer 3 and primer 6 to give a fragment of 1.03 kb, which was then purified, cleaved at EcoRI and Xbal sites and 
inserted into multicloning sites of pUHD10-3. 

(3) Expression of plasmids 

so [0085] FLAG-AIM-1 (WT) prepared in (1) above and FLAG-AIM-1 (K-R) prepared in (2) above were expressed. 
Then, they were cotransfected into MvlLu cells (ATCC CRL-65B4) with hygromycin-resistant plasmid pEF/hygl, using 
Lipofectin method according to the protocol of the provider (GIBCO, BRL). Clones were selected in 0.2 mg/ml hygromy- 
cin (Calbiochem) and doxycycline (Sigma). Clones in which FLAG-AIM-1 (WT) or (K-R) was induced after 18 hours in 
the absence of doxycycline were selected by western blotting using anti-FLAG antibody (M2) as a probe. A clone car- 

35 rying the empty vector was used as a control. 

Example 8: Involvement of AIM-I protein in mitosis 
(1) Immunocytochemical test using antibodies 

40 

[0086] To examine how AIM-1 protein participates in the mitotic machinery during the cell cycle, synchronously 
growing NRK-49F cells were immunocytochemically studied with an antibody against AIM-1 . 
[0087] NRK-49F cells were stained with the anti-AIM-1 polyclonal antibody prepared in Example 5 (left column in 
Fig. 3), anti-a-tubulin monoclonal antibody (middle column in Fig. 3), or a dye Hoechst 33258 for DNA staining (right 
45 column in Fig. 3). 

[0088] Cells grown on Labtec chamber slides (Nunc) were pretreated with a microtubule-stabilizing buffer (Boleti) 
(MSB: 80 mM K-PIPES (pH 6.8), 5 mM EGTA, 1 mM MgCI 2 ) containing 0.5% Triton X-100 and then fixed with methanol 
(for 10 minutes at -20 °). Fixed cells were washed with a solution of 0.1 M PIPES (pH 7.2), 1 mM MgS0 4 , 1 mM EGTA, 
1.83% L-lysine, 1% BSA and 0.1% sodium azide, and were subsequently incubated for 1 hour with a monoclonal 
so mouse anti-a-tubulin antibody #7-5168 (Sigma) and affinity-purified rabbit AIM-1 antibody N12, or mouse anti-FLAG 
monoclonal antibody (M2) and rabbit anti-a-tubulin antibody (Masuda). Then, they were incubated with FITC-conju- 
gated goat anti-rabbit IgG antibody and rhodamine-conjugated goat anti-mouse IgG antibody. Signals were observed 
under microscope (Olympus). 

[0089] According to the progress of cell division, Fig. 3 shows the following stages, (a) Interphase, (b) Prophase. 
55 (c) Metaphse. (d) Late anaphase, (e) Telophase, (f) Cytokinesis. 

[0090] AIM-1 was not detected during metaphase, but in the midzone of central spindle during late anaphase. This 
staining was observed to increase at the midbody during telophase and as cytokinesis progresses. 
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(2) Test with expression plasmids 

[0091] Mink lung epithelial (MvlLu) cells carrying pUHD10-3/FLAG-AIM-1 (WT) prepared in Example 7 were grown 
in a doxycycline-free medium for 24 hours and then similarly stained with anti-FLAG monoclonal antibody M2 (KODAK), 
5 anti-a-tubulin monoclonal antibody (Masuda et at., J. Cell Sci. 109:165-177, 1996), or Hoechst 33258. 

[0092] As shown in Fig. 3g, FLAG-AIM-1 protein and y-tubulin colocalized at the midbody during cytokinesis. This 
coincides with the protein expression pattern shown by western blot, suggesting that AIM-1 might participate in the reg- 
ulation of the cytokinetic process from anaphase to telophase. 

w Example 9: AIM-I and appearance of apocytes 

(1) Expression of AIM-1 and cell abnormality 

[0093] Wild-type FLAG-AIM-1 (WT) or kinase-inactive FLAG-AIM-1 (K-R) (dominant negative type) prepared in 
w Example 7 was induced in Mv1 Lu cells. After removal of doxycycline (DOX), the cells were cultured for 18 hours. The 
cells were harvested and cell lysates were subjected to immunoblotted with anti-FLAG monoclonal antibody. Results 
are shown in Fig. 4A. 

[0094] Then, asynchronous cells transfected with vector alone (a, d), FLAG-AIM-1 (WT) (b, e) or FLAG-AIM-1 (K- 
R) (c, f) were grown with (a-c) or without (d-f) DOX for 72 hours and stained with Giemsa's solution. Results are shown 
20 in Fig. 4B, wherein upper panels are called as a, b and c from left to right, and lower panels are called as d, e and f from 
left to right. Expression of kinase-inactive FLAG-AIM-1 (K-R) led to the appearance of cells having two or more nuclei 
(Fig. 4f). 

[0095] Cell samples were harvested and fixed with ethanol, stained with propidium iodide for FACS analysis. 
Results are shown in Fig. 4C. Cell population with 4N or 8N DNA dramatically increased after 72 hour-induction of AIM- 

25 1 (K-R), suggesting the appearance of bi-nucleated or tetra-nucleated cells. 

[0096] Fig. 5D shows double staining with a-tubulin (green) and DNA (red) (propidium iodide) obtained by super- 
imposing the images of MvlLu cells expressing FLAG-AIM-1 (K-R) shown in Fig. 4B, After removal of doxycycline, 
abnormal cells having two (a), four (b), eight (c) or ten or more nuclei appeared. a-Tubulin was detected by anti-a-tubu- 
lin antibody and FITC-conjugated goat anti-mouse IgG (Cappel), and signals were observed by confocal laser micros- 

30 copy (Fluoview, Olympus). 

[0097] Mv1 Lu cells transfected with FLAG-AIM-1 (WT) or FLAG-AIM-1 (K-R) were grown with or without DOX for 2 
weeks and stained with Giemsa's solution. Results are shown in Fig. 5E. As shown in the figure, miotic inhibition was 
observed in MvlLu cells expressing AIM-1 (K-R) but not in cells expressing AIM-1 (WT). 

35 (2) Abnormal cytokinesis in cells expressing AIM-1 (K-R) 

[0098] Plasmid FLAG-AIM-1 (WT), FLAG-AIM-1 (K-R) or a control plasmid pEF/hygl was cotransfected with a 
reporter construct RSV-p-galactosidase at a ratio of 10:1 into NRK-49F cells and human diploid fibroblast KD cells (a 
kind gift of late Dr. Takeo Kakunaga) by Lipofectin method. After 24 hours, 1 x 10 3 cells were seeded per 60 mm dish, 
40 and 72 hours after transfection, cells were fixed in 1 .25% glutaraldehyde/PBS and stained by a method described in lit- 
erature (Shu et al., J.C.S. 108:2955-62, 1995) to observe expression of p-galactosidase. Mv1 Lu cells were also tested 
under the conditions described in (1) B above. 

[0099] Results are shown in Table. 1. The figures in the table mean the percentage of cells having two or more 
nuclei to p-galactosidase positive cells for NRK-49F cells and KD cells or the percentage of cells having two or more 
45 nuclei to the total number of cells for Mv1 Lu cells. For each cell line, 160 or more cells were tested. 



Table 1 



Plasmid 


NRK-49F 


KD 


MvlLu 








DOX(+) 


DOX(-) 


Vector alone 


0.5 


0.2 


0.4 


0.7 


AIM-1 (WT) 


7.8 


4.8 


0.9 


2.8 


AIM-1 (K-R) 


62.0 


38.4 


7.7 


68.4 
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Example 10: Isolation of human cDNA, expression of AIM-1 protein and its activity 



(1) Isolation of human AIM-1 

5 [0100] Oligonucleotide primer 7 sense to the conserved sequence IHRDIKP in serine-threonine kinase domain and 
oligonucleotide primer 8 antisense to DFGWSVH were prepared. 

Primer 7: 5 , -AT(An-/C)CA(T/C)(A/C)G(A^/C/G)GA(T/C)AT(AA-/C)AA(A/G)CC(An-/C/G)-3' (SEQ ID NO: 1 1) 
Primer 8: 5'-(A/G)TG(An-/C/G)AC(A/T/C/G)GACCA(AA-/C/G)CC(A/G)AA(A/G)T-3' (SEQ ID NO: 12). 

10 

[0101] Human (intestine and heart) cell-derived cDNA libraries prepared by the "lone linker" technique (Abe, 
Mamm. Genome 2:252-259, 1992) were used as template for the amplification with ExTaq DNA polymerase (Takara, 
Tokyo) using said primers 7 and 8 as primers. The PCR products were subcloned to give about 50 fragments per library 
and the fragments were sequenced. 
15 [0102] Based on sequence information of these cDNA fragments, oligonucleotide primer 9 sense to 
NLLLGLKGELKI (SEQ ID NO: 13) and universal adapter primer 10 to oligo (dT)-containing adapter primer for the con- 
struction of a cDNA libraries prepared by "lone linker" technique were prepared. 

Primer 9: 5'-AATCTGCTCTTAGGGCTCAAGGGAGAGCTGAAGATT-3' (SEQ ID NO: 14) 
20 Primer 10: 5'-TCCACTAATATCGGCCACGCGTCGACTAGTAC-3' (SEQ ID NO: 15). 

[0103] These primers were used to amplify the 3' end of AIM-1 cDNA and the amplification product (550 bp) was 
sequenced. Then, a HeLa cDNA library (Otsu et al., FEBS Lett. 320:246-259, 1993) was screened with this amplifica- 
tion product as a probe to isolate and sequence a clone containing the full-length AIM-1 cDNA. 

25 

(2) Expression and activity of AIM-I protein 

[0104] Northern blot analysis of blots containing polyadenylated RNA derived from various tissues with human 
AIM-1 cDNA as a probe showed high-level expression in thymus as well as expression in testis, placenta, lung, small 
30 intestine, large intestine and spleen. 

[0105] Northern blot analysis of the expression level of human AIM-1 in several colorectal tumor cell lines showed 
high level in all the cell lines and appearance of apocytes and polyploids at high frequency (10-20%), suggesting that 
AIM-1 is related to formation of apocytes and increase of polyploids. 

[0106] In order to confirm that expression of human AIM-1 is cell cycle-dependent, expression of AIM-1 was tested 
35 using cells treated with colcemid to reveal that AIM-1 accumulation peaked during G2/M phase. 

Claims 

1 . A DNA containing a nucleotide sequence encoding the amino acid sequence shown as SEQ ID NO: 2 in Sequence 
40 Listing, or a nucleotide sequence encoding a protein having the amino acid sequence shown as SEQ ID NO: 2 in 

Sequence Listing with partial substitution, deletion or addition and having cell cycle control activity, or a nucleotide 
sequence hybridizing to them. 

2. A recombinant vector containing the DNA of Claim 1 . 

45 

3. A prokaryotic or eukaryotic host cell transformed with the recombinant vector of Claim 2. 

4. A process for producing a recombinant protein, comprising culturing the host cell of Claim 3, and isolating and puri- 
fying the protein produced. 

50 

5. The process of Claim 4 wherein the recombinant protein has cell cycle control activity. 

6. A recombinant AIM-1 protein obtained by isolating and purifying the culture supernatant obtained by culturing the 
host cell of Claim 3. 

55 

7. An oligonucleotide or peptide nucleic acid capable of specifically hybridizing to a nucleotide sequence encoding the 
amino acid sequence shown as SEQ ID NO: 2 in Sequence Listing. 
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8. An oligonucleotide or peptide nucleic acid capable of specifically hybridizing to a nucleotide sequence encoding the 
amino acid sequence shown as SEQ ID NO: 2 in Sequence Listing and inhibiting expression of AIM-1 protein. 

9. An antibody recognizing a peptide having at least five continuous amino acids in the amino acid sequence shown 
5 as SEQ ID NO: 2 in Sequence Listing. 

10. A therapeutic agent for diseases associated with abnormal cell growth, containing an inhibitor against AIM-1 pro- 
tein. 

w 11. The therapeutic agent of Claim 10 wherein the inhibitor against AIM-1 protein is AIM-1 (K-R), AIM-1 protein kinase 
activity inhibitor, the oligonucleotide or peptide nucleic acid of Claim 7, or the antibody of Claim 8. 

12. The therapeutic agent of Claim 1 1 wherein the disease associated with abnormal cell growth is cancer. 

w 13. A screening method for materials having serine-threonine inhibitory activity using AIM-1 gene or AIM-1 protein. 
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